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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting element having high performance in a high 
efficiency with high reliability by providing a constitution 
capable of producing in a mass production, by using a 
material considering its environment and controlling a 
light emitting wavelength in from green to ultraviolet 
wavelength regions. 

SOLUTION: A hexagonal crystal ZnO has a large exciton 
bonding energy, and hence exciton of high density exists 
even at ambient temperature. Thus, when the ZnO is 
used for an active layer 101, the element having a high 
light emitting efficiency is obtained. When a substrate 
(1 04) made of a hexagonal group III- V compound is used, 
a lattice alignment can be easily achieved. Accordingly, 
good epitaxial growth film of the hexagonal ZnO is 
obtained, and the efficient semiconductor light emitting 
element can be obtained. 
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Zn(OSTe) (rSttg) -Zn(OSSe) (*7-;F|) 
Zn(OSeTe) (ffittH) -Zn(OSeTe) (?7-;FI) 
ffittBOT e£#*#*5 7 FH©T eSfc*«fc 
^^FttjfiSffcfcJliJftS-rSJtett. Sffii©t§ 

0 [0057] 

mi] 



u m 




fS^E^a (A) 






Z n O 




3. 2 4 


3. 2 


2. 2 


Z n S 


O/WT-f F 


3. 8 7 


3. 6 6 


2. 7 


ZnSe 


* *yy-f h 


4.0 0 


2. 7 1 


2. 6 


ZnTe 


■5^77^ F 


4. 2 7 


2. 2 8 


2. 9 



[0 0 5 8 ] ZnOB, M sriUSftrTSC iiCj; 5 . x 
M^tA*OAj!ii!fiMi, Zn,., O#x=0~ 
0.38 CD«B-Cft Mg ©?^ftlS©ifjjn i i *> 
iC^*>F+> v^3. 2-4. 0 e VfCWTSo 

*, pp281(3S97) ) Sfc, Mff©aSJOfi©iiJDiit{C 

[0 0 5 9 ] ZnOtt, MntaaWSCiKJ:!). i* 
E|q|MOA^JURMn, Z ni _ v O#fy=0~0. 3 5 



2o« h> ffittJitcfire-rtiti. u-?H»jss©*m©»#£ 

ZnO CffittH) -(MqZn)(0S) 

ZnO (iSffil) -(MqZn) (OSe) 

ZnO CffiffiB) -(MqZn)(0Te) 

ZnO tfgftH) -(MnZn)(OS) 

ZnO tfSfflf) -(MnZn)(0Se) 

ZnO tfSfflf) -(MnZn)(0Te) 

Zn(OSe)tfgffii) "(MqZn) (OS) 



7 Vifi 3 . 2 ~ 3 . 7 5 e V (CiiJjQf £ . <T. Fukum 30 Zn(OTe) flgffll ) - (MqZn) (OSe) 
Zn(OSSe) (rittH) -(MqZn) (OS) 



(777 FH) 
(>7-; FH) 

(779 FH) 

(77 7 FH) 

(779 FH) 
FH) 

(*7, FH) 
(77 7 FH) 
(77, FH) 



Zn(OSTe) (tgftB) -CMqZn)(OSSe) (>7» FH) 



(777 FH) 
(777 FH) 

(777 FH) 



ura et al . , Appl . Phys. Lett. ,3366(1999)) 
[ 0 0 6 0 ] J: ,T, *»WO*5 a FH©Wcyt©«fc 
^%lb^*sftl^.6nS. ASSO (MgZn)O, 
(MgZn)(OS) , (MgZn)COSe) . (MgZ 
n)(OTe), (MgZn)(OSSe), (MgZn) 
(OSeTe), (MgZn)(OSTe) . (MnZ 
n) O, (MnZn)COS) , (MaZn)(OSe), 
(MnZn)(OTe), (MnZn)(OSSe) , (M 
nZn)(OSeTe). (Mn Z n )(0 S T e ) tt&fi 

[0 0 6 1 ] C*i6©^tc«©K**I6W©77 ^ F X «, 

, 0 F+> 9 ?7 » FH>#V KH>f *JH 

H*r$#. FH<#W FH<* 

*m@K 77 -7 FJt=#4 FH <= o r *) 0*)l>m 

FB^^x^H©^ ★ [0064] *56K©^7C»©tm-C©»-?#F«J^! 

So ★ 

ZnOC 1 ? x ;UH ) " CMqZn) (OS) (#-f FH) - (MqZn)O (77 7 FH) 

ZnOC? x ;UH) " (MqZn) (OSe) ( #V FH ) - (MqZn)O (77 7 FH) 

ZnOC?*;Wf) - (MqZn)(OTe) (#-f FH) - (MqZn)O (777 FH) 



Zn(OSe) (tSttH) -(MnZn)(0S) 
Zn(OTe) (fgttH) - (MnZn)(OSe) 
Zn(OSSe) (tgfflg) - (MnZn)(0S) 
Zn(OSTe) (rSttH) - (MiZn) (OSSe) (777 FH) 
[0 062] HSKc #8W©»tt. «£8%P— *fHff 
^©*T#Fm^¥^ft U— tf 'SW-fti-CCffifB-f S© 

[0 0 6 3 ] «^F*^¥*#U 
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Zn (OTe) (9 * )IM ) - (MqZn) COSe) (*VFI) - (MqZn) (OSe) (WjFD 

Zn(0Se)C7;tJl/g) - (MqZn) (OSe) (# -f Fg) -(MgZn)(OSe) (£5? Fg) 

Zn(OTe)Ci/xJUJl) -Zn(OSe) (tf-f Fg) - (MgZn)(OSe) (?7-;Fl) 

ZnOC? x ^g) - (MnZn)(OS) FJt) ~ (MiZn)O ( 5> =? v Fg) 

ZnOC^x;Wi) -(MnZn)(OSe) Kg) - (MiZn)O 

ZnOC^bg) - (MnZn)(OTe) (#>f Kg) - (MiZn)O ( 9 5 ? Kg) 

Zn (OTe) (■? * Jl/g ) ' - (MnZn) (OSe) (# W Fg ) - (MiZn) (OSe) ( t> 5 -j Kg ) 

Zn(OSe)(">iJl/g) -(MnZn)(OSe)(*V Kg) -(MhZn)(OSe) {V=?v KB) 

Zn(OTe) (9x-U<g) -Zn(OSe) (%4 Kg) - (MiZn)(OSe) (^5? Kg) 
[00B5]C©J:5K, i> 7? Fg£f£ttg£M g . 10 a N$$&illl« 3 0 4 ±5t p SA7jH I I I - VRft 
Mn©7tSR£^i56t;f, #&©»«©«#<£ <3 SB it v KH 3 0 2 WcZn 0^ffif4g3 

?t*K WHtffi*fco1^^^^(Ofa!|3&JnItBfc& 0 1 , *OXfcnSZ n 0K*5 * Kg 3 0 3 <T 

[0 0 6 6] F — 7*Z nOB, «*ffi?L#??£f S S. 

fc&nlgi^it. B. A 1 , Ga. In. [0 0 7 2] <KJ 1 ©HSM) m 5 ti. #2&??©?& 1 © 

Si. F*Ft-tlTF-i;>mciKJ:?nS ISt«r*SJR^»rffiBI , p*S„ JR^flftSx tr**^* 

©£ittW«t:im5. ^«S«tt*©igl4ffiffl-r4. I I 

[0 0 6 7 ] P S©ZnO£ff£fc&, Li. Ag. C fifflfcffMOV PEJ&^£Z n O&ffc^J&BSJfMB 

n>4*^Histiri>a:t>. iE*. zno (cn + -^> 20 F^^^*^LrsmiK^a^%*rsj^KasK 

y-y^T- J's>*tTS#tt*CVDffiK:J:SZnOR •«B83tl"a»4. 

©JSfiB#NH 3 ^*^»*iS{C<fc0N*K-f>y-r [0 0 7 3 ] (00 0 1) IiIiHa-A U O 

sciictfjpsozno^snrstiJi. (k.y ^(ftHDta S) swi^s^ofcsi. h> so 

ano et aL.Jpn. J.Appl .Phys. ,L1453(1997)) , : H 3 P0 4 =3: 1 1 6 0 "CTx v ^Wft 

±iaK-f>^v*i|SI«©^-r. nlf7-;F!S 5„ C©S^*5irEMOVPE^g^fcffii*-iSig-r 

^pi^ 5 9 FJi*fNHt 4. jffiftfffrccK 1 1 5 0 °c-e 1 o^-ihh, swfWr 

[0 06 8]CW77^ TSMSfifci:* (0 0 0 1) mm^f 5 . 

Cla-S i C#feSIO:Kit;$+Vt;m§tfc [0 0 74] 5 0°Ct?K VSPW) 

GaNmH^jl^SGaNJSJitC. HWTpfflSfcB (TMG) , T>^~T (NH 3 ) , H, *t'J7 

^>t«IStii>7? K»*J$8U »ZnOS SESS-tfS. SfifiKi 0 5 0 "CC K V ^ 
Sftg. *©&KZnOJKf ?7 KJBfcflStfSiB^fc y>A (TMG) . T>*~T (NH, ) . H 2 

*S„ t©i#£, A#JiI 1 I -VM^fxt^+-> 7#X£«AWS3 3jm-CGaNJ15 3 4*J35ft8-tt 

[006 9] ZnO©Iff$B2. 2 7**1, GaN© [ 0 0 7 5 ] ^T. SKfig8 0 0 'CC K V J t^H" 

fflff*S2. 0£>£, Sfc. ZnO©^>Fft7 7'tt >^«7A (TMI) , h V JJ-JbUWA (TMG) , 

tJj$©<i:5K:3. 2eVt*1, GaN©/OKft3 7>*-T (NH 3 ) , H, ';T#X£afAUIS 

^«3. 4eVC*5„ ioT, ZnOmmzmtm 2 0 0nmTlnGaN1544^I?fIfit 

KSK/vJftl I I -VmitG®*??? micm^lt S. C©)nGaN|544©tt?SSBa = 3. 4A 
UkE©u- i?Ji^©&ff485tc£»>1S5. $ 40 cooWfffeMBEiSfi^tcJfiS • 1 

fc. H^KWifi©J:5{CZnO»*miGaN3R©« : f x 1 0-'Pa©WET. S«S4 0 0 °Cfc£?-o 0 

SE^feSSCitftJSS. [0 07 6] Zn»Bl-fe;b!6»^Zn%^f«5Sftlxi 

[0 07 0] I I I -VM^I^-; KJHm O-'Pat, S e«B»-fe;b*»i& S e £#^H&fi8 x l 

ilt, ^^WtCli^v&ftSGaN. T^fiAlN, A 0" 5 PaT, 0 ; **XlA7-f >*60^«1 x 

* 9 9 a InN, A* B H B InGaN, ASSAlGaN, A 10- s Paf, Al (CH S ) ; #A7^>*P.A1^ 
77HA 1 I n N. tt&A 1 I n G a NWf>ti5„ 1 x 1 0 W P a^Af*. C©^g®gCC j: 

[0 07 1] pSGaNSI©,J:5(C, pS?7v*SI I 0if5 0 0nm7Zn (OSe) : A l©nM*77 

I -Vi5e<fc^atm©e5*J. pSZnO«t«4J:0fi FJ1502*xfc:*^^tiHSfi§-&S. C©nM^7 

fSJS©x f ^ + ^> + frm&fflfiW *>? t< 5. t: 7FI5 0 2B, A^elT * K) UT-^B. a = 3 . 4 AT 
©»^. UStCTK-r^^tc, GaNIfMilSfcBG 50 *S. 
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[0 07 7] ^(C, ZnWfilfilxio-'Pa 

T\ O^^ai xlO-'PaT, A 1 (CH a ) 3 ai 
Av^yfrhk 1 £#-fig$(gl x l O-'PafiAT 
S„ C©!&gilfIK:i: 918/14 0 Onm-CZn (OT 
e) : A 1 OnSfi5ttB5 0 1 ^it^ + ^tWIS 
-ff^o C©n3iritt»5 0 ltt. 7^73 B B a -C*«Dl&^i5! 
a = 3. 4ATfc5. 

[0 07 8] ^K, Zn^«lxio-'Pa 
T\ S e 8 X 1 0 " 5 P a f, OfrHOtt. 10 

lxi0- l PaT, NH S 3§A^>fr£N£#«® 
SI x l 0" 6 Par\ H 2 IA7-/>^H*lx 1 0 
- 5 PaX-mA-?Z>„ C©«gjig«:J:*)JSJ34 0 0nm 
t?Zn (OSe) :NOpli»5jF15 0 34itrji 
C©pS*5-^ F@5 0 3«. A 
£fi-C**)8m£»a = 3. 4AT*5 0 

[0 07 9] ZnWI®glxi0-p a 
■C. Se^IMSxio-'Pat, NH 3 *§A5 
■f>*6N^«Mlxi0- : Paf, H 2 
-f>*&H*l x 1 O-'PaflAn. COJdtgjig 20 
tif2 0 0nmfZnSe : N©pla>W F@5 

[0 0 8 0] &fcl/— WFlDI^o-fe^ttf 9. Kfi. 
fcT^XvCVDSIgK-k* F-U Jil52 0 0nm-CS 

iO, fe#Jg5 0 8*a®t-5 0 *l-'JV^7^i 
BHFtcJ:§J.^^>^cJ:D. c©S i O, ttiRK5 
0 8 (CM 1 0 « m©X F 7 ^«©«*»fiS-r 3 i £ 
K. C©fgl 0 Mm©X h7^^©3t*4j^CCtIl 0 

o (im©s i o, «*8s-r. coKttKi/y^ 

ffifc*, C © S i O , l©Xh7-f ^KOSlKfi^ 30 

[0 0 8 1 ] JWe, iS^^if^iC-fe 7FU N i /A 

IU0Mm©pfli5 0 74ffMT5, 
[0 0 8 2 ] ^K, K84ECR YvJz-v?ymW. 

(c-fejhu ci, tfx^ffl^t, Sio, f(f)xh7 

^©fcfctfr&fcfil 0 0 iim©X F^-C/^U * 
I*5nl^7 Kg 5 0 2© 1 0 0nm©I3i|iJt 

■fi^y^lfcnl*?-; FJI5 0 2^ffi«atg4 0 m 40 

m©* f 5 ^ ^K»*j^iatr s. imzmmmmic-z ? 

FO. Ti/AlM*j!8»Ofc©fc. F*7SJCJ: 
0, ig4 0Mm©nMSffi5 0 9§Jft£T£. 
[0 0 8 3] 7* F yv^7^-£ F7-{i5f>^ 
ffifcJcOSS^SOO/tmC^iJ&ffci-S. JJEX 
SKJ:!). g^-C©|S^fi4 1 5nm<Of^Wa 

[0 084] I n G a NJI/G a N )§/;•? -;7?GaN 
H/a-Al, 0 3 «R*ISl>"Cl>Sfc», n a B »©ftU 
if^^t;HSZn(OSe) :f7vFH5 0 2 50 
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*»SCi*fC*5©t?aKOZn (OT e) yStt®<b 
Zn (OSe) ?7 5 KSI%SSC£*sr*, Sfc. § 
»©^#2^&©rl6^«£t£J:< U— mmi&<D 

*ff**fcr«fc swan?***:** sB8$-c,«#«tto 

S$fi©¥Hift u - if Jfrfifc 6 c t ifin a z> . 
[oo85] (m2(ommm) m e «. *»w©sr2 © 

+ «fiKB. ^W©*l©IS*«£R«©«i*He 
ffltSfe©£TS 0 

[0086] (oooi) mmmmma - s i emu, 

«(CREE?±» (7t^ a B B a = 3. 08A)614£ 
W*8fei**frofc©-fc. fHClt7^H?f>^ 

frs. c©sss i cwi6 1 4%mi<Dmnm 

©.stEMOVPEJdtegfcaKt-KB-rS. ^safrK 

« 1 150 -crc i o^ibh, mmtsfpvmm^m. 

&Kfi«4 5 0TrcF'.M? i ;W>5?9A (TM 
I) . F 'J^^jtf'J^A (TMG) . 7>*~7 (N 
H, ) v H; *+VTjfZZmAbm22 5 0A~Crty 
7y I nGaNI6 2 4*J|BSS1*&. SfiiSg 
8 5 0°C~C F U^^JV'f >^ r > A (TM I ) , FU^^ 
;^y?A (TMG) , 7>*~7 (NH 3 ) , H, * 
*';T^*a»Al>JSS3 /imt?I nGaNJB6 34* 
fjSfiStMiTS,, C©I nGaNJf 6 3 4©&T« 
Rtta=3. 3AT&5,, 

[0087] C©jt**#«5fe**tf ofeft, #H, P 

o, ipr^-f Fxyf^&fr 5„ c©*tR*«Me^ 
SISSC V D&RtCRS? 1 x l 0 - • P a (effft 

S«aiS5 0 0 -CKfiio. «T©^0*^*©£E 
*ttl 3 3Pa£T3„ 

[0 0 8 8 ] Mg (C 5 H, O t ) t (bisacetylacetonat 
ana<3nesium)C (flc) F V «r 5 i]Mf8Sft S)S60s 
cemfflg, Zn (CH i ) ! *120sccm, Se 
(CH : ), *80sccm. H, O*20sccm, H 
1 *2 0 0 sccm, Al (CH 3 ) 3 ^5sccmiA 

[0 0 8 9 ] Mg (C s H, 0 2 ) 2 |j^2 0 0 s c 
cm©H 2 ^t'jTA'XilTiAtS. C©£t. 
H, 0«i£$fi<§©^X;t^J»A-f So C©fiSS3Sg 
ta«)III400nm©(MgZn)(OSe) : Al© 
nlf 7 s> KJ16 0 2*if:Sf + ^t.;^gS#S 1> c 
OnI*7 ? FH6 0 2B. /v»fir*9»T-SE»a = 
3. 3Ar#>£. 

[009 0]^ Zn (CH 3 ) 2 *120sccm. 
Se (CH J ) ! *100sccm. H, O* 1 0 s c c 
m. H 2 I200 sccm, Al (CH,), £5scc 

AlTS. C©gXSiigfcJ;f9(i/S4 0 Onm-T'Zn (O 
Se) : A l©nS!r£ttJi6 0 l^ifM^t^I 
?lfS 0 C©nS?SttJ16 0 IB. 705fft?*9»?je 
*a = 3. 3Ar*S. 
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[0 0 9 1 ] &tc, Mg (C, H, 0 2 ) 2 Cbisacetylac 
etonatomaqnesium) §60scc mffS, Z n (CH 3 ) 
, ^120sccm, S e (CH 3 ) 2 ^80sccm, 
H^iEOscci, H 2 £200sccm(*+V 
TtiZZmtiZ) , NH 3 450sc cmiAtS. ID 

S®gfCj;f3ffi/¥4 0 0nnrC (MgZnXOSe) : 
KB6 0 3*xtT3r+V + Jl/JSS3tt 
So C©pffl*?» KJ16 0 3B, 7t&»"C*9*mE 
i&a = 3. 3A-C*S 0 

[ 0 0 9 2 J Zn (CH 3 ) 2 £l20sccm, 

Se (CH 3 ) 2 4120sccm, H 2 ^2 00 scc 
m, NHj %50sccm45sccmiAt5. C© 
fiSfi3igr^</f2 0 0nm-CZnSe : N<DpSa> 
FJ16 0 6*ibr* + 2/ + ;i/jas3-ga. 

[0093] ^mm% i ©*«4<tisi«©flin: 

Sfi'C©l63ISSft4 0 0nm©^;l' 
[0 094] I n G a NH/^ v7y]nGa NI/« 

-s i c*B»E*ffli»ri>«*iftft«©fii>ifc:*+ 

^t^SZn (OSe) FMf^Ci^r 
*€>©t?j|ff©Zn (OSe)rgttHi (MgZn)(0 
Se) FJl*f»$C &Ji©*m 

^7u^!fe©t?t&^^ttJ:< U-*fWf«©*tf*SI 

u - tfjR^jfc^ a c a . 

[0 0 9 5 ] (SI 3 ©H»J> H 7 B. ##895©* 3 © 

ffl-rafe©£-ra„ 

[0096] (000 1) ffl»H«Rgfa-A 1 2 0 3 # 
t&UL7 1 4%«liJfej**ff-3fca, H 2 SO, :H 3 
PO, = 3 : 1 4*1 BOTKx.vfZ/ifift'). C© 
g«£H 1 ©»*l©1fEMO VP E J&fi^Kffii* • S 

g-TSo j&Sitfffctti i 5 0°cri o^-wh, 

^f^Mil^T 5. ^fC, 5 0 'CV hVJ? 

btiWK (TMG) . 7>=EXT (NH 3 ) . H 2 * 
+ !) 7 tfAl/f 3 2 5 0 AOA , 7 7 G a NB 7 
2 4*JKfi3tt5. C©^*777GaMI7 24Bcl 
0 5 0°Cr|SIDJlf4*'X^AL,^S2 jzm© 
Tit&GaN®7 3 4 4fiSSSi±ao 

[0 0 9 7] SHSteSEMO V P EBJEfi£*6* 
»4>Ccffi»JfflU CVDfttcJ:«J0. lfim(Dl?(OS 

i0 2 Jg7 4 4 COS i0 2 M7444 

*h yv^77^-iBHFCCj;ax. ? ^>^(cJ;^G 
aN<l - 1 0 0>3&|6jK4tfmlfl* h ^ -f ^'W^^ 1 

#H 3 PO, *t'5-f hx^^>^4tfofc^, f} 
i^EMOVP Ej&RgJCfftgS • ££££ 1 

0 5 0°Cr hVjtf-Jltf'JVA (TMG) , 7>^7 
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(NHj ). H 2 *+y7#*£*AU¥3 1 0 ymt? 
iIJRj&RGaNjl7 5 4£C©vX >_t&cj®K 

^ss-a-a,, kw-c, asaK8 5o°ct?h «.m?-jw 
(TMl), h«M^;w;$A (TMG) , 
7>*~7 (NH 3 ) . H 2 *+i>7#***auss 
1 0(/m'ClnGaNI7 6 4§xm>'t«I3 
■ttafifT*. I n G a Nil 7 6 4 ©fg-T-jEifctt a = 

3. 5Ar*a o 

[0 0 9 8 ] C©£«*MBEJ$£3fc«ii-« 
10 ML, 1 x l O-'PaOifET, «RSS4 0 0"CKff 
■Q. 

[ 0 0 9 9 ] Z n iStt-b;I/*>6 Z n 4^fi?SS 1 x l 
0-Par. Mg (C s H 7 O 2 ) 2 (bisacetylacetonato 
magnesium) MX? << >*»6Mg^i^§&S2 X 1 0~ s 
ar, S eSBB-bJl/*»6S e£#T«&JK8x i 0 - s p 
at?. O, #*»A5-Y>jft»60^lfB&KlxiO-. 
Par. Al (CH,), 3»A9>f>36>6A 14^N8» 
Slxio-'PafiA«„ C©J55S«gKJ:*)]gW 
50 Onm-C (MgZn)COS e) :A10nH'7? 
20 KJ170 2 4if^ + ^ + ;UfiSS$-ifa o COnI>7 
» KM 7 0 2 tt. T^HfC* 9 »^S»a = 3 . 5 A"C 

[0 10 01SK, ZnW8«lxiO 'Pa 
•C, Te*^Jl*6Te«HF*Sttl x 1 0' 4 Pa 
-C, O^MlxiO-'Pat, Al (CH,), $ 
A^>*>6A 1 4t1«5SS1 x l O-'Pa-CiEA-r 

4. C©JSS«fI{CJ;f3SSW4 0 0nm-CZii (OT 
e) :Al©n^ftJ17 0 1£itf**£' + ;W3afc3 
ttS. C©nMrSttJI7 0 IB, A#flT?* 

30 a =3. 5A-C&S„ 

[0101]», Zn^MlxiO-'Pa 
t\ Mg (C s H 7 0 2 ) : (bisacetylacetonatomaqnesiu 
nO*A?-f>*>eMe^f-«5Sa2x 1 0- 5 aT\ Se 
lxiO-PaT, 0&?*3flft 1X10 
s PaT, NHj *A5-f>*>6NSOTB»Rlxi 
0-'Pat, H 2 zSA7-f>*>6H41 xio-'Pat? 
^AT-S 0 C©)SSMIiKJ;DJgM4 0 0nmr' (Mg 
Zn)(OSe) : NOpfi'?-; FJf 7 0 3 £x £2* 
^ + ;t-fiSg5-ff-5 0 COp^75 KJ17 0 3B, A^r 
40 ■■C*0tt^-g»=3. 5AT?*S. 

[0 102]^fC Zn^OTSiglxiO-'Pa 
' f. Se^Mlxio-Par, NH 3 ^A^ 
-f>WN^«?SglxiO- s Paf, H 2 IA7 
-OA^H^lxiO-'PatiAtS. t©f&6i!1I 
•CD1^2 OOnmtZnSe : N©pM3>^^bJ17 
0 64xf 5f*^+- ;KSg§if-2> 0 

[0103] actc. m i ©^sswi^aoftix^ci-fex 

*fTl\ ^ST'©^*«S4 4 OnmO^J^fOl 
50 [0 1 04] I nGaNI/WWEftGaNMm't 
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l>57t5?>, SI©Iluf^^t«fi (MgZn) 
CO S e ) «3 KH *f#£ C £ **t t Sfc&jait© Z 
n (OTe) rSttJli (MgZn)(OSe) tf^v^M 
SSSCitfT*. 3Efc x *Ji©tm*J£7G&&©t« 

[0105] <St4 ©£*W> H 8 S, *mM®m4 © 

fjngsnia. ^w©m ©sgttw±E«©s«*tt io 

fflTS4>©iT5 0 

[0106] (0001) ffi«ffiftea - A 1, O s # 

»/S-CjlS?fiSSGaN»8 5 4*fa!-r4. fcfc. C© 
v*dm°£->jyi:a«Jg8 5 0°Ct F- >;y?;I/TA 
S^^A(TMA), hV^^il-^y^A (TMG) , 
V (TM I ) . T>*x7( N 

H 3 ) , VZ-isirU'<>tiZ?3.-A,-?ifZis?J* (C 
p 2 Mg), H 2 ++>;T^**Al/»S10/im© 
PIA1 Ga I nNJf8B4*xedr4 1 J/*>wa»3it 20 

C©pIA 1 Ga I nNI8 6 4©$^5£ 
»Ba = 3. 2At*,l Jfc P S^7 7FMiJa 
S= 

[0107] C©Jtfi*MB Ej$H£Mtt£ • R 

■ U l x 1 0- 8 Pa©WJ£T, S«i&g4 0 0'C5C« 

[0108] Z niit**6 Z n 4$fflSHSe 1 x 1 
O-'Pat, Mg (C, H 7 OOiCbisacetylacetonato 
naflnesium)aiA5-Y>*>6M«*^«8fiK2x l 0" 4 P 
at, S e£HB-fert'*'6S e£#T-fl5£gl x 1 0 S P 30 
at, O, #*£A^>#60$H*WK2xio-» 
PatiA«. C(DAKHi(Cj:>)WV5 0 0nm-7 

(MgZn)(OSe) ©-O F-7rS14J18 0 l^if 
**S/t^jj»S*4. t©i£ttJ18 0 1«. ri>Ff 
+ »^3. 2eV, A# B lt*Dte^E$a = 3. 3 A 
t*4. 

[0109] Z n*flHrJkfoe> Z n %^T«HjlK 1 x 1 
O-'Pat, Mg (C s H, OOjCbisacetylacetonato 
nagnesium)«A^>J&>£Mg#«&K8 x 1 0" 5 a 
T% Se?gW-fHJb*^Se^^*S2x l 0" 5 Pa 40 
T, O, #**A5^>*604H**E2x 1 0" S P 
at, Al (CH 5 ) 3 >#>6A 1 

lxi0 'PatiA«. C©jSftil*lftJ:DJW¥2 
OOnmt (MgZnXOSe) :Al©nI^77F 

FIR 8 0 2 «, F*> 7 7'3. 6 e VT, A#iit 
*0*m@Ka = 3. 3At*S. 
[0 110]^(C ZnW8®tlxiO-'Pa 
t\ SelrMIMlxiO-'Pat*, Al (CH.) 
3 lA^-OA^Al^^gixiO 'Pati 50 
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A"f5„ C©J&6iigtIlJI2 0 OnmtZn S e : A 
l©nl3>^i; hg8 0 6*xfdr+i/ + ;l/^SSii 

So 

[0111] JfcfcU— 9WFJDX«t5. pSInGa 
Ntvv FJS£r£ttS©f?ffi#>& 1 0 0nm©S?$g:t 
i^>mcti. plinl®ll©fil«c 

4 s c i *m > r , iux7 - n -fe ^ ttn i omm m tmc 
t*a. 

[0112] JiiaXgfC «fc 0 . £St©2&#«S3 8 5 
nm©^^ra U - ■m^ifmt 

So 

[0 1 1 3] j»5s FJKSfeSpSA IGalnNi 
/3HR«ftGaNJitffll»"T:i>Sfc». ifc&W© (Mg 
Zn)COSe) y> F-7'iSttSi (MgZn)(OS 

e) : a i©nS*5? F , l£xt£*^'■t.;^J^sg;i•i^ 
sc£*st**©t > sfc. sn©MW^7c«ft©t 
«HF-fi^tti< b-tfJf«©^^^fc-rJ;5»-c 
tstt, i^$rK^tt©e«fi©^#u--!f* 

[0114] <f£ 5 ©^Jfe^iJ) m 9 tt, *»M©*5 © 

TAlGal nNI9 6 4£^> F-t/tC-T SSjMip] 
D^n -fe * . mfiStft^jERB a = 3 . 3 A©A 1 G a 
I nNJi9 6 4/^MRjai«GaNJi9 5 4*fP«-rs. 
y?Cc, C©Sjfi*MBEs£^fctt3l-aSU lxi 
0-Pa ©WET, S«JK 4 0 0 "CK-Wo. 

[0115] znrnmt)\,tPhzn%fr?mf&i x 1 

O-'Pat, Mg (C s H 7 OjMbrisacetylacetonato 
magnesiuirOzIA^ >*»6Mg#?*S8K8 X 1 0" a 
t, Se«Ht*»6Set*f»5SS2xio- , Pa 
t. O, *Xj»A5-f>*»60»^«3jiK2xi 0- 6 P 
at, Al (CH 3 ) 5 iA7-f>HA14^lia 

ixio-'Pat«An. c<Dimmm&<omm2 

OOnmt (MgZnXOSe) :Al©nif5»H 
119 0 2£xtf£+i'+,>l'»£B$t»-S. COnS«i> 
FJf 9 0 2 tt, F ^'3. 6 e V t, /\^^~C 
*»)f&*5@Ra = 3. 3At*So 
[ 0 1 1 6 ] Z n^rW-fe^S Z n £#?«gBK 1 x 1 
O-'Pat, Mg (C s H 7 O^Cbisacetylacetonato 
naqnesium)^A7^>^6Mg^^? ! 4ffi2x 1 0"'P 
at, S emmt&frbS e&frfffiSBLl x 1 0" S P 
at, O, ^iA5^>*6O^gM2xi0 s 
Pat, Al (CH 3 ) 3 iA7^>*6Al^« 
g IX 1 0-'patiA«. C©JSSgj*igK:«fc»)JWS 
1 OOnmt (MgZnXOSe) :Al©nI*VF 

I9 3 1B, ;OFft^3. 2eV, A#gt*t) 
tS^7E^ta = 3. 3At*4. 
[0 117] Zn«^ft9ttix 1 O-'Pat, S e 
ix 1 0- 4 P at, 0#^«;jX lxio 



(H) 

IS 

- 6 Pa-C2lAT3., COOXSMtCJ: DM/15 nmfZ 
n (OS e ) ©y> 9 1 1 ^xf^i' 

£©^;WI9 l ltt. ^Fftj 

^2. 9 e V, A#itca»J«^Sg[ =3. 6At* 

[ 0 1 1 8 ] Z n#fl»-b;W*>6 Z n tcttWm. 1 x 1 
O-'Pat, Mg (C, H 7 O.Mbisacetylacetonato 
magnesium)^A7^>^?)Mg^- J fS^S2 X10"*P 
at, Seffl-feM^Se^^IMlxlO-'P 

a -c\ o 2 ?jxm\vjyfrhofrmm.2->< 1 o- 6 10 

PatlAtS. C©^S31fliCj:f3KJ»5 nmT (M 
gZn)(OSe) ©y>K--7'A-j 7 jf 9 2 i£xhr* 
+^i-^fi$if€.„ C©^'JTB92 ltt. /OF** 
+ ■^•3. 2eV, A^H-C*>0^«»a = 3. 3a 

[0 119] C(D^ x)lMQ 1 1 £^UTB9 2 l©f£ 

[ 0 1 2 0 ] Z nigI4-teJl^f> Z n ^t^^SS/S 1 x 1 
0"Pa-r. Mg (C, H, 0 2 ) 2 (bisacetylacetonato 20 
maqnesi um)3§A5 ?> M g ^^-iS&ig 2 x 1 0 " 4 P 
&T, SefflW6Se^fSKlxio- ! P 
at?. 0, ^3(A5^>*>60^f-«9^t2x 1 0" 6 
Pat, NH, »A5-f>*»6N*^HI5Mt5 x 1 0 
" s Pa?, Hz *A9-f>*>6H*l xi 0- 5 Pa-C>§ 
A-T-So C©j&63iHK:<fc?>ltlJIl 0 Onmt (MgZ 
n)(OSe) : N©pSW-f FB94 l^iW^t 
;HSS3ttS. !!OpIWFI94 1tt 1 ;OF*> 
•^•3. 2eV, A^ a B t*W^ta = 3. 3At 
foi>, 30 

[01211Z njgI4-fe;b*>6 Z n 4#?8HJta 1 x 1 
O-'Par, Mg (C, H, 0 2 ) 2 (bisacetylacetonato 
maqnesi un)m\7>f >*6Mg$H4SH&£8 X 1 0" ! a 
T\ S e -iga-fe;^ 6 S e ^ft^mk^ x 1 0 " 3 P a 

•e. o 2 **xiA7-/>*^o^l^g2xi o-'P 

at\ NHj *A^-f >a»6N44HRK»l£5x 1 0" 6 
PaT, H 2 iA^-^y^e-HSlxio-'PatiA 
■T*. C©JiSgagfc<I:f)J«W2 0 0 nm-r (MgZ 
n) (OSe) : NCpI^^ FB90 3fcxfcr** 
W;W&S<*ttS. C©p*£*7?F«9 0 3W:A>F 40 
3 . 6 e Vt, A*ft-C* 0 ft?5g»ta = 3 . 

C0 12 2]*fc. ZnZtH-UWllX 1 O-'Pa 
T\ Se^«Slxio-'PaT, NHj ^A^ 
-*>*>6N£#?*8ftgl xi 0- s PaT\ H 2 IA7 
-f^HSlxiO-'PaTiAtS. C©J&5»B 
t*If2 0 0nmfZnSe : N©pS3>^H9 

[0123] * i <D$mmtmm<Dmx7u-kz 

*!ft\ Sfiftja-r-©^f*5S4 1 Onm©Mf#Fi 50 
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[0124]AlGaIn NJB /SWJ&gG a NH*JB 
C=>ri^-5fcfs5. * n Q D W© (MgZn)(OSe) :A1© 
» Fg*xf^ + 5>^^JSfi§-&SCi^-e# 
iSSW&nStfV FB. ^S^#F«3il^ 
B. pl^7? FBfcffS 

[0125] SM©M*4*^7c^^©f tf 

ioT, K^?ffit,*t>ffi*»tfl^l4©£« 
[0126] <^6 ommm} m 1 o *^©s 5 

©Hifef'©«^»?ffiSr-*€, 0 Ga^ii N 2 tfxcci 
6 0 0°CT2 GP a ©E&fcfcl*. £jf»JE&TG aN¥ 

te»*fp«-ra. tt^^x, wmhx, (000 

1) ffiGaN»St*fP«-rS. 
[0127] C<m&&jf1BSffi&1f-i1t&%> #H 3 
PO, tfj-C^-f Fxv^>^*tf 5. &te. £©«££ 
MBE J&g^K»:i£-lggt,. lxio-PaOfffT, 
StgSg4 0 0°ac«o 0 

[ 0 1 2 8 ] Z n»i|-fe ;b*>6 Z n ZfrHgm. 1 x 1 
O-'Paf, Mg (C s H 7 O 2 ) 2 (bisacety1acetonato 
nagnesiun)gA7^>:fr6Mg7>?ii£$£g8 X 1 0" s a 
t?. S«fil-fe^6.S*^Fi»5SlJf2xio- , Pa"C. 
0 2 #**A5-r>*60fl*KttR2x 1 0" 6 Pa 
-C, NH 3 «A7^>^6N^^§SK5x l 0" 6 P 
at\ H 2 gA^-f>#>e.H£l x l 0- s PaTzIA-f 
4. C©)SSiifI{CJ:DISJ12 0 Onm-C (MgZn) 
(OS) : N©pif?7y FBI 0 0 3£xe**-> + 
JW£*S-«iS. C©pS?77 FBI 0 0 3li, /OF 
*>-^3. 7 eVT, A#ii-C*9*metta = 3. 

[0129] Z n^-te;l/#«6 Z n *5H-®$m 1 x l 
O-'PaT, 0, *'XiA7-f>*60^M2x 
10" f PatiA«. C©$g®gtcJ: 011/15 0 0 
nmfZnOO/> F-7*fSttBl 0 0 1 *xe**f 
+ JW$fi31tS. CCDSttMl OOltt, /<> F+> 7 
73. 2eV, 7^*r*»J*me»a=3. 

[0 13 0] ZnigHr;V*6Zn^glglxi 
0"'Pat, Mg (C s H, 0 2 ) 2 (bisacety1acetonato 
maqnesiuiT.)^A7-<>^P>Mg^^S?tlt8 X 1 0" s a 

r. s*6»-fe*#»&s*^f*3juS2x i o- s p a r, 

0 2 X/^A7-f>*>60»^«3irj[2x 1 0" 6 Pa 
r\ Al (CH S ) S *A5-r>*J5Al*5^?**ffil 
xi0-'PaTiAT5. C©fiEfiaiitcj;f3'«/f2 0 
OnmT' (MgZn)(OS) : A 1 ©nl^7 v FB 1 
0 0 24xt$+^-i,jl/^SS-B-^ 0 C©n^^55-F 
B 1 0 0 2 B. F=*f> » ^3 . 7 e Vf, Ajfit? 
S»i3^T-SISta = 3. 2AT*S. 
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[0 13 1]&K, Zn^r^Fig^ai x 1 0" 4 Pa 
■C. Se^l^glxiO-'Par, Al (CH 3 ) 
, »A5-{>*»i5Alft^F«MElxi O-'PatI 
A-TS. C©^Sjtg-CISil2 0 0nm-CZnSe : A 

l©nfi=»>*i'H1 0 0 8tiejr+i'*A'jaai8 

[0 1 3 2] ^Kl/- 9*FJBI«f5. PiSinS© 
1 ©ld6«i|5I«-C*S. 

[0133] ±KI«K J: 9 , 3«-C©3S#j6fi 38 5 10 
n m©^^;U^rn^iy^ft U-1f»^£imf 
£„ 

[0134] ^>©Ga NHISfiS«*JHl,vc(,>4fc 
». gatCifc&K© (MgZn)(OS) pi??'? FIB 

O/>K-^Zn0ffittii (MgZn)(OS) :A1 

[0135]$ 6K, *7 » FR*flsto*4jc*&©-C« 
^#ttJ:<U-1fJlflteEO*ft*«fc-rci*J-t?*4 20 
fcfe, ft»^T'S{ffStt©^S©^ft:b-tf^* 

f#£c4#s-c#£. 

[0136] ±a£ft£*«Biltt. #2£HJJ©Jf 

i»T«*SBB u rwtr S C 4 # pit &-c& 2 . 

[0137] 

lE«©*5?l!K:«fcti« > ASSZnOtt, Jfti&f-Sr&i 
*^¥-J&SA#tJfc»^Sfc*st,irfe^gg©!iSB-?j05 

ffft-rs©^ cnsrgttdKffl^fc^ 30 
***>-3#f3w»6fi, a#hi 1 1 -vmt&w>b 

^ZnO m>mtt if^^t ;U£gMtf@ 6 n . 

[0138] m&2smmwic*hi£. mm 1 ia 

N. A#BA 1 N, I nN, A^H, I nGaN, 

/vfrUA 1 GaN, svfiMiA 1 I nN, A#HA 1 I n 
Ga N**tm»S©-C. «t »J85(cA#fiZ n 0»© 
^axhr3r+i/tAjffiS«*sS?)n. J: ») 40 

[0139] IH*3«3iS«©IIIIKJ:nK, $ 
fc«2fH»©fSBj{cfcur. TvfrHI I I -VJ5Kfc£«j 
©a*?)SJES»J^ffl8|-C * ^ISfiiSWC* SOT. 
ttK [6] i > 7«$8ff©IBe*f #S 6 ti £ . 

[0140] rt*«4ie»©^Bj{c < fctitf, i»3f?ii i *> 

<=> 3 ©t^fftfr 1 BKEItCDftHR&bvt, fSttJBJPA 
*SZnO*iftK0fcA#aZii(OX) (X=S. 
Se, Te)®KtfeJBf, A^HZn04|5l« 
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[OHUifc, ^7E»©Sfi&©t«J5S 
aEftStSCiKiO, 9t%ll©flra@K. m>F^ 

4 n. g . j£«&*m©3W? • e #nfifl&(c a »j , 

El>«jtiftfi©j»R*J WfilKfe D . ftftHtfiSttJi- * 
5 » FJl©fltJ&£ 4 tSffll-*?* KJB-S 

AP6#4>& < M^WiS Jt© X f * * -> + ^fiJfftSff 6 

JhSfc*. J;^»(,^^*iat,^fffitt©^#^ 

[oi42isfc. ^mammp^mit^^ 
«, A>;rjf©»T*i««3nai>gffi*-c 

»?©*»£**£ 5 ti £ ©-c . <fc 0 J£«tt*m©aj? 
pj«fc&»). «t»)fil>L J: DJEl^W»« 
[0143]$ 6fc, C d , B e & 4"©St»^©I$g© 

a* w»^©?§ife©d>a:i»*m-c2|£* 

[oi44] a«ffl5fEa©5feW{c«tn«. 8i*s 1 
64©^-rn*>i^iciBis©^tcfe^r, fjs 

iflSffiitcMg. Mn©5W< i l«©5E*£#if 
©t\ *5 5 FWD^O^+s^iJCW. JB*t*4'M 

Ht*»rr 5 C 4# njfl24 45. «fc 9 Kb* AXRftCDji 
BWniittK ft 0 . d; 9 iStet g-cs^iltt©*^ft^** 

[0145] »^6KII©|89JK:j:ntf. «|S|GI1 *» 

e>5©t>'rn*»iaKiBa©i6WK*ii>-c > pi?? » 
i - 5 ©fp^»*%*As^#^aR-7-4seB-c* 

So 

[0146] |ft^ 7 Ett©«WCC«fcn«. If^II 1 

66©^-r^iS(clBK©^fcfc^r. A** I I 
I - VUHt^Wtt, Z n O^tSM 4 g^lf 5f7jF 
■WHt l/T«R«^Lft#"5 U-1fJl*fc©*fF£» 
fc-rc4^nfm©-C, GaNIlWliC, GaNS 
^■7 y FB. ^©±iC Z n OlfcrSfflf , -?-©^K: ZnO 
^•^FicKAii^ *^«©31«l5ffl^A# 

[0147] ff>R3I8fEig©ISB > a(c<tti« 1 1**^1 *» 
7 ©l>-f n*> 1 SJCiEifcOf&BjJctfc^-c. MftWKA 
*»I I I -VM^t?7'j FJf4fr. 7^*?SG 
aN, A73 B e eA 1 N. A^ftl nN. nGa 
N. A*fiA IGaN, A^HA 1 I nN, A^hA 1 

lnGaNOtm**JfTl>S©T?. «fc»)SSK:*iE< 

* : P©»tt*«8rc*s. 

[0148] !l*ii9fEtg©^Bj{cd;ti«, W*S 1 
68©l>-i**u6» 1 mtCsEMCOmjttCis^X . pIZnO 
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*w» .t ti ffi*sK© p mam 1 1 1 - vsam* p m ■ 
[Era©tt¥&awij 

[02] *IHI!©SSlB&JB«c*5tf SJHRlffiSG a N$2 

[S3] #^©ffl©^»*^*s4^363fc#?-© 

[S4] 1 1 -v imi&wm&Dimzmmv* 
s„ * 
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[H 5 ] $?PJ!©3f 1 ©IgJ^OSfrf-Brffiia-C**. 
[06] *isia©» 2 ©*M?i©*f Kffi0T'& 5. 
[07] *mM<DW 3 <C^*W©*^-*ffflBI-C* S. 

[08] *&mcom 4 ©nsfefd©^ »?M0t?* s„ 

[0 9 ] #36?|©» 5 ©59Wfl©#?*rffiEI'Ca S B 
[010] ^W©3f6©Se»ff|©*-fWrfflB|-C*.5. 

[«Ht©iM§] 
i o i mm 

102 nffl*5»KJi 

103 eMirv-jFm 

104 A^HI I I -vmt&miR 
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Japanese Unexamined Patent Application Publication No. 
2002-118328 

SPECIFICATION <EXCERPT> 

[0051] Examples of an active layer material include hexagonal 
ZnO, Zn(OS), Zn(OSe), Zn(OTe), Zn(OSSe), Zn(OSeTe), Zn(OSTe), 
and the like, and also include a mixed crystal of such a compound 
and MgO or MnO. Bandgaps of these materials are in a range from 
about 3.2 eV to 2.3 eV, and so a light emission wavelength of a light 
emitting device can be controlled to be in a wavelength region from 
green to ultraviolet. 

[0052] Examples of a cladding layer material include 
hexagonal ZnO, Zn(OS), Zn(OSe), Zn(OTe), Zn(OSSe), Zn(OSeTe), 
Zn(OSTe), and the like. 

[0053] When a voltage is applied between a p-type cladding 
layer and an n-type cladding layer, electron holes and electrons are 
injected and confined in an active layer provided between the p-type 
cladding layer and the n-type cladding layer, and light is emitted. 
The emitted light is confined in the active layer and guided. In the 
case of a semiconductor laser device, this guided light is amplified 
further by taking an optical resonator structure by end face 
reflection and the like. 

[0054] Accordingly, the cladding layer needs to have a larger 
bandgap than the active layer. Furthermore, the cladding layer 
needs to have a smaller refractive index than the active layer. This 
condition is hereafter referred to as a laser layer structural condition 
for the sake of convenience. 

[0055] Likewise, well layers of SCH-type and quantum well 
structure-type semiconductor laser devices are hereafter referred to 
as active layers, and barrier layers, guide layers, and cladding layers 



of SCH-type and quantum well structure-type semiconductor laser 
devices are hereafter referred to as cladding layers, for the sake of 
convenience. 

[0056] The following analyzes a structure of an active layer 
and a cladding layer that satisfies the aforementioned laser layer 
structural condition using a hexagonal ZnO-based material made up 
of ZnO and a mixed crystal of ZnO and ZnS, ZnSe, or ZnTe. Table 1 
shows lattice constants, bandgaps, and refractive indexes of 
hexagonal Group II-VI compound semiconductors having Zn as a 
Group II element. Moreover, to grasp the aforementioned physical 
properties of mixed crystals of these compound semiconductors, 
plots of physical properties of each compound semiconductor are 
connected by a straight line, as shown in FIG. 4. The physical 
properties between the individual Group II-VI compound 
semiconductors can be obtained by the mixed crystal of these Group 
II-VI compound semiconductors. As a result of these analyses, the 
following material combination examples that achieve lattice match 
and satisfy the aforementioned condition are given. 

Zn(OTe) (active layer)-Zn(OSe) (cladding layer) 
Zn(OSTe) (active layer)-Zn(OSSe) (cladding layer) 
Zn(OSeTe) (active layer)-Zn(OSeTe) (cladding layer) 

In the case of forming a strained quantum well structure-type 
light emitting layer in which a Te content of an active layer is larger 
than a Te content of a cladding layer, lattice constant mismatch is 
permitted to such an extent that does not destroy a lattice of the 
active layer, so that the selecting range of material combinations is 
further widened. 
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[0057] [Table 1] 
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SffiWa (A) 






ZnO 




3. 2 4 


3. 2 


2. 2 
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3. 8 7 


3.6 6 


2. 7 


ZnSe 




4.0 0 


2. 7 1 


2. 6 


ZnTe 




4.2 7 


2. 2 8 


2. 9 



(Japanese words from left) 

Material, crystal structure, lattice constant, bandgap, refractive 
index 

[0058] By adding Mg to ZnO, hexagonal system Mg x Zni- x O of 
an epitaxial film is obtained in a range of x = 0 to 0.36. The 
bandgap increases to 3.2 to 4.0 eV as the additive amount of Mg 
increases (Sakurai et al., the proceedings of the 58th annual 
meeting of the Japan Society of Applied Physics, pp. 281 (1997)), 
and the refractive index decreases and the lattice constant 
decreases as the additive amount of Mg increases. 
[0059] By adding Mn to ZnO, hexagonal system Mn y Zni- y O of a 
highly oriented film is obtained in a range of y = 0 to 0.35. The 
bandgap increases to 3.2 to 3.75 eV as the additive amount of Mg 
increases (T. Fukumura et al., Appl. Phys. Lett., 3366 (1999)). 
[0060] Accordingly, the following compounds are given as 
examples of the cladding layer of the present invention: hexagonal 
(MgZn)O, (MgZn)(OS), (MgZn)(OSe), (MgZn)(OTe), (MgZn)(OSSe), 
(MgZn)(OSeTe), (MgZn)(OSTe), (MnZn)O, (MnZn)(OS), 
(MnZn)(OSe), (MnZn)(OTe), (MnZn)(OSSe), (MnZn)(OSeTe), 
(MnZn)(OSTe), and so on. 

[0061] If such multi-element films are applied to the cladding 
layer and the active layer of the present invention, the selecting 
range of material combinations for the laser layer structure is 
further widened. For examples, the following combinations are 
provided. 

ZnO (active layer)-(MgZn)(OS) (cladding layer) 
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ZnO (active layer)-(MgZn)(OSe) (cladding layer) 

ZnO (active layer)-(MgZn)(OTe) (cladding layer) 

ZnO (active layer)-(MnZn)(OS) (cladding layer) 

ZnO (active layer)-(MnZn)(OSe) (cladding layer) 

ZnO (active layer)-(MnZn)(OTe) (cladding layer) 

Zn(OSe)(active layer)-(MgZn)(OS) (cladding layer) 

Zn(OTe)(active layer)-(MgZn)(OSe) (cladding layer) 

Zn(OSSe)(active layer)-(MgZn)(OS) (cladding layer) 

Zn(OSTe)(active layer)-(MgZn)(OSSe) (cladding layer) 

Zn(OSe) (active layer)-(MnZn)(OS) (cladding layer) 

Zn(OTe) (active layer)-(MnZn)(OSe) (cladding layer) 

Zn(OSSe)(active layer)-(MnZn)(OS) (cladding layer) 

Zn(OSTe)(active layer)-(MnZn)(OSSe) (cladding layer) 

[0062] Likewise, the film of the present invention is suitable 

for use in, for example, a quantum well structure-type 

semiconductor laser device of a complex laser layer structure. 

[0063] In the case of a quantum well structure-type 

semiconductor laser device, it is necessary that the bandgap is 

(cladding layer) > (guide layer) > (well layer), the refractive index 

is (cladding layer) < (guide layer) < (well layer), and the lattice 

constant is (cladding layer) = (guide layer) = or * (well layer). In 

the case of a strained quantum well structure-type semiconductor 

laser device, the lattice constant is (guide layer) * (well layer). 

[0064] The quantum well structure-type semiconductor laser 

device including the multi-element films according to the present 

invention is as follows. 

ZnO(well layer)-(MgZn)(OS) (guide layer)-(MgZn)0 (cladding layer) 
ZnO(well layer)-(MgZn)(OSe) (guide layer)-(MgZn)0 (cladding layer) 
ZnO(well layer)-(MgZn)(OTe) (guide layer)-(MgZn)0 (cladding layer) 
Zn(OTe)(well layer)-(MgZn)(OSe)(guide layer)-(MgZn)(OSe) (cladding layer) 
Zn(OSe)(well layer)-(MgZn)(OSe)(guide layer)-(MgZn)(OSe) (cladding layer) 
Zn(OTe)(well layer)-Zn(OSe) (guide layer)-(MgZn)(OSe) (cladding layer) 
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ZnO(well layer)-(MnZn)(OS) (guide layer)-(MnZn)0 (cladding layer) 
ZnO(weli layer)-(MnZn)(OSe) (guide layer)-(MnZn)0 (cladding layer) 
ZnO(well layer)-(MnZn)(OTe) (guide layer)-(MnZn)0 (cladding layer) 
Zn(OTe)(well layer)-(MnZn)(OSe)(guide layer)-(MnZn)(OSe) (cladding layer) 
Zn(OSe)(well layer)-(MnZn)(OSe)(guide layer)-(MnZn)(OSe) (cladding layer) 
Zn(OTe) (well layer)-Zn(OSe) (guide layer)-(MnZn)(OSe) (cladding layer) 
[0065] Thus, by containing the element of Mg or Mn in the 
cladding layer and the active layer, the physical properties of the 
material can be controlled more easily, with it being possible to 
manufacture a high-performance light emitting device having a 
complex structure. 

[0066] Nondoped ZnO exhibits n-type conduction, since 
oxygen vacancies are present. Furthermore, by doping with B, Al, 
Ga, In, Si, or F as a donor, the n-type conductivity can be controlled. 
[0067] To obtain p-type ZnO, a method of doping with Li, Ag, 
or Cu as an acceptor has been attempted but has not been realized 
yet. In recent years, p-type ZnO has been realized by doping with 
N by a method of adding NH 3 gas at the time of growth of a ZnO film 
according to a CVD method or a method of performing N + 
implantation on ZnO (K. Yano et al., Jpn. J. Appl. Phys., L1453 
(1997)). An n-type cladding layer and a p-type cladding layer are 
manufactured by the same method as the above doping method. 
[0068] There is also the case where, a p-doped or n-doped 
hexagonal Group III-V compound is epitaxially grown to form a 
cladding layer on a GaN-based film or selective-growth GaN-based 
film which is epitaxially grown on a C-surface sapphire single crystal 
plate or a (0001) C-surface a-SiC single crystal plate, and then a 
ZnO-based active layer and further a ZnO-based cladding layer are 
formed thereon. In such a case, the hexagonal Group III-V 
compound epitaxial growth cladding layer also serves as a 
substrate. 

[0069] ZnO has a refractive index of 2.2, and GaN has a 
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refractive index of 2.0. Moreover, ZnO has a bandgap of 3.2 eV as 
mentioned earlier, and GaN has a bandgap of 3.4 eV. Accordingly, 
when the ZnO-based material is used for the active layer and the 
hexagonal Group III-V compound is used for the cladding layer, the 
aforementioned laser layer structural condition can be met easily, 
and at the same time lattice match between the ZnO-based material 
and the GaN-based material can be attained as noted above. 
[0070] Specific examples of the hexagonal Group III-V 
compound cladding layer material include hexagonal system GaN, 
hexagonal AIN, hexagonal InN, hexagonal InGaN, hexagonal AIGaN, 
hexagonal AlInN, and hexagonal AlInGaN. 

[0071] There is an instance, like a p-type GaN-based film, 
where a low-resistance epitaxial growth film can be more easily 
obtained with a p-type hexagonal Group III-V compound material 
than a p-type ZnO-based material. In this case, a 
higher-performance semiconductor light emitting device can be 
achieved by a structure in which a p-type hexagonal Group III-V 
compound cladding layer 302 is laminated on a GaN-based single 
crystal plate or GaN-based single crystal layer plate 304 and then a 
ZnO-based active layer 301 and further an n-type ZnO-based 
cladding layer 303 are laminated thereon, as shown in FIG. 3. 
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